Background: Age at first birth has been increasing among women in developed countries. Meanwhile, endometrial cancer has also been increasing worldwide, being one of the most common female hormone-related cancers. The purpose of this study was to examine the association between age at first birth and the risk of endometrial cancer among Japanese women, and to examine the hypothesis that the recent increase in endometrial cancer incidence can be partly explained by the trend for increasing age at first birth.
Introduction
The age of women at first birth has been increasing in developed countries [1] . For example, in Japanese women the average age at first birth increased by 5.1 -years, from 25.6 to 30.7 years, in the period between 1970 and 2015 [2] . Epidemiologic studies have examined the association between age at first birth and health-related factors such as obesity, hypertension, diabetes mellitus and cancer in parous women [3] [4] [5] . Previous studies have agreed that breast cancer risk increases with age at first birth [6] [7] [8] , and the mechanism responsible is considered to be exposure to excess endogenous estrogen [9, 10] .
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By contrast, the relationship between age at first birth and the risk of endometrial cancer, one of the most common female hormone-related cancers, remains unclear. As the incidence of endometrial cancer is currently increasing worldwide [8, 11] , it is reasonable to hypothesize that this can be partly explained by the recent increase in age at first birth.
The results of eight prospective cohort studies examining the association between age at first birth and the risk of endometrial cancer have not been consistent. One study from Sweden found a positive association between age at first birth and the risk of endometrial cancer incidence [12] , whereas three studies from China, Sweden, and the USA have reported an inverse association [13] [14] [15] . The remaining four studies from Norway, the USA, Sweden, and Germany have reported no association [16] [17] [18] [19] . Seven of these eight studies examined American or European women. To date, the Chinese study is the only one to have examined population from Asia, where life-style, dietary habits, and hormonal factors differ from those in Western countries. In addition, some of the previous studies were limited because of insufficient adjustment for potential confounding factors. Accordingly, it is still premature to draw any conclusion about the relationship between age at first birth and the risk of endometrial cancer.
The purpose of the present study was to examine the association between age at first birth and the risk of endometrial cancer among Japanese women, and to examine the hypothesis that the recent increase in the incidence of endometrial cancer can be partly explained by the trend for increasing age at first birth.
Materials and Methods

Study population
For this analysis, we conducted a pooled analysis of two population-based prospective cohort studies, the Miyagi Cohort Study and the Ohsaki Cohort Study in rural northern Japan. The Study design for the two cohort studies have been described in detail elsewhere [20] [21] [22] . Briefly, for the Miyagi Cohort Study, we delivered a self-administered questionnaire from June to August 1990 to 26,642 women aged 40-64 years who were living in 14 municipalities, which were randomly selected from 62 municipalities in Miyagi Prefecture, northeastern Japan. Usable questionnaires were returned from 24,769 subjects (92.9 %). For the Ohsaki Cohort Study, between October and December 1994, we delivered a self-administered questionnaire to 28,515 women who were 40-79 years old and living in the catchment area of Ohsaki Public Health Center, a local government agency that provides preventive health services for the residents of 14 municipalities in Miyagi Prefecture. Usable questionnaires were returned from 27,133 subjects (95.2 %). The questionnaire included items on demographic and lifestyle factors, and reproductive factors such as age at first birth.
The study protocols for the two cohorts were approved by the Institutional Review Board of Tohoku University Graduate School of Medicine. We considered the return of a signed self-administered questionnaire to imply each subject's consent to participate in the study.
We excluded from our analysis women who had moved from the study area before the start of follow-up (N=454), and one woman whose date of cancer diagnosis was missing in Ohsaki. Also, during the process of data pooling of the two cohorts, we identified 2,869 individuals who participated in both cohorts. Thus, we eliminated the data of these individuals only from the Ohsaki Cohort Study, whose baseline was after that of the Miyagi Cohort Study. In addition, for the present analysis, we excluded women who had a history of cancer at the baseline (N=2,174), those who were nulliparous (N=1,196), those for whom questionnaire data on pregnancy were missing (N=5,697), and those who had failed to enter questionnaire data for age at first birth (N=769). Thus, 38,742 women were included in the study cohort.
Exposure data
The self-administrated questionnaire items inquiring about medical history, family history, job status, marital status, education, and health-related lifestyle factors such as smoking status, alcohol consumption, and time spent walking per day. It also included reproductive factors (menopausal status, age at menarche, age at first birth, number of births, history of oral contraceptive use, history of hormone replacement therapy, and lactation). We divided the participants into tertiles based on the age at first birth (years): ≤22 years, 23-25 years, ≥26 years.
Follow-up
Follow-up was conducted from June1990 to 31 December 2010, for the Miyagi Cohort Study, and from 1 June 1995 to 31 March 2008, for the Ohsaki Cohort Study. The end point of our analysis was the date of diagnosis of endometrial cancer, death, emigration, or end of the follow-up period, whichever occurred first. In order to follow -up the subjects for migration and mortality, we collected data from the Residential Records to identify subjects who had either died or emigrated during the observation period. We discontinued the follow-up of participants who had moved from the study municipalities, because we were unable to review the Residential Records from outside the study area. The portions of subjects who were lost to follow-up were 12.3% for the two prospective studies. We also ascertained incident cases of cancer via computer link with the Miyagi Prefectural Cancer Registry, which covers both the areas of both the Miyagi cohort and the Ohsaki cohort. The Miyagi Prefectural Cancer Registry is one of oldest and most accurate population-based cancer registries in Japan. Cancer cases are registered from clinics and hospitals (inpatients and outpatients), radiology and pathology departments, autopsy records, mass screening records and death certificates. In this cancer registry for the period [2003] [2004] [2005] [2006] [2007] 7 .4% death certificate only (DCO) registered deaths among women were due to endometrial cancer [11] . Cancer incidence data were coded according to the International Classification of Diseases for Oncology, 3nd version (ICD-O-3) as endometrial cancer (C54.0-C54.9).
Statistical analysis
We prospectively counted person-years of follow-up for each subject from the beginning until the end of follow-up. Next, we used Cox proportional hazards regression analysis to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) for the incidence of endometrial cancer according to the lowest category of age at first birth as the reference group, after adjustment for potential confounders. Further, we divided women who were the highest category of age at first birth into two categories, and examined the association between age at first birth and endometrial cancer incidence. Also, to consider the effect of reverse causality, we carried out sensitivity analysis excluding cases of endometrial cancer that occurred in the first 3 years. We considered for the following variables as potential confounders: age at baseline (continuous variable), body mass index (BMI) in kg/m 2 (≤18.5, 18.5-24.9, ≥25.0), family history of cancer (yes, no), education (high school or less, college/university or higher), smoking status (never smoked, ever smoked), alcohol consumption (never drank alcohol, ever drank alcohol), time spent walking (<1.0 hour/day, ≥1 hour/day), age at menarche (continuous variable), number of births (continuous variable), history of oral contraceptive use (yes, no). These items were chosen as covariates because previous studies had shown that they are factors related to the incidence of endometrial cancer [7, 8] . Education level, marital status and health-related factors (BMI, smoking status, and alcohol consumption) might be associated with both age at first birth and the risk of endometrial cancer, because they would affect the timing of births. There is some evidence suggesting that physical activity reduces the risk of endometrial cancer [8] . As is the case for other hormone-related cancers, the risk of endometrial is influenced by lifetime exposure to plasma estrogen. Thus, reproductive factors such as age at menarche, number of births, and history of oral contraceptive use were also strongly associated with both age at first birth and the risk of endometrial cancer.
The P values for the test of linear trend (P-trend) were calculated using median value of each category of age at first birth. The significance of multiplicative interactions between age at first birth and all confounders was examined using cross-product terms in the regression model.
According to the World Cancer Research Fund and American Institute for Cancer Research (WCRF/AICR), being overweight or obese is a convincing risk factor for endometrial cancer [8] . We also conducted stratified analysis by age and BMI at the time of the baseline survey, because we considered that postpartum weight change would be a factor related to parous women being overweight or obese.
Furthermore, we conducted analysis stratified by age at menarche (<16 years or ≥16 years), number of births (1-2 births, ≥3 births), and age at menopause (<50 years or ≥50 years), because these factors may affect cancer risk by influencing the levels of estrogens and other sex hormones [8] [9] [10] .
All P values were two-sided, and differences at P<0.05 were considered statistically significant. All statistical analyses were performed using the SAS statistical software package, version 9.4 (SAS Institute Inc, Cary, NC, USA). Table 1 compares the baseline characteristics of the study participants according to the categories age at first birth. Women who were older at first birth in the Miyagi study tended to be better educated, younger at menarche, and have a lower number of births, while such women in the Ohsaki Cohort tended to be older, postmenopausal and more likely to be employed. Furthermore, women with a higher age at first birth in both cohorts were also less likely to have used oral contraceptives. There were no inter-group differences in mean body mass index, family history of cancer, or history of hormone replacement therapy.
Results
During follow-up, 105 incident cases of endometrial cancer were observed. Table 2 shows the HRs and 95% CIs for the risks of endometrial cancer incidence according to age at first birth. Multivariate analysis showed that higher age at first birth was significantly associated with a decreased risk of endometrial cancer incidence (P-trend<0.05). Compared with participants who had first given birth before the age of 23 years, the multivariate HR (95%CI) for endometrial cancer incidence was 0.79 (0.49-1.26) for participants who were 23 to 25 years old at the time of first birth, and 0.53 (0.28-1.00) for those who were 26 years old or more. We also analyzed the association between age at first birth and the incidence of endometrial cancer when divided women who were 26 years old or more at the time of first birth into two categories (26-29 years, or ≥30 years). Similarly, we found that women who were old at first birth had a significantly decreased risk of endometrial incidence (P-trend <0.05). The multivariate HR (95%CI) for endometrial cancer incidence was 0.44 (0.20-0.94) for participants who were 26 to 29 years old at the time of first birth, and 0.59 (0.20-2.00) for those who were 30years old or more.
Also, after exclusion of incident cases that occurred within the first 3 years of follow-up, but the results remained unchanged.
We observed similar results between the Miyagi Cohort Study and the Ohsaki Cohort Study. The result of multivariate analysis also was significantly associated with a decreased risk of endometrial cancer incidence. Table 3 shows the resulting HRs and 95% CIs for endometrial cancer incidence according to age at first birth, stratified by age at baseline, BMI and reproductive factors (i.e., age at menarche, number of births, and age at menopause) at the baseline. We consistently observed an inverse association between an older age at birth and the risk of endometrial cancer. However, we did not find any statistically significant effect modifications between age at first birth and any of the covariates.
For women who were 26 years old or more at the time of first birth, the multivariate HRs (95% CIs) for endometrial cancer incidence were 0.67 (0.29-1.53) for BMI <25 and 0.38 (0. 13 P-trend a were calculated using median value of each category of age at first birth. Incidence rate b were expressed as number per 100,000 person-years. The multivariate HR c has been adjusted for age (<50 years or ≥50 years), body mass index in kg/m 2 (<25.0 or ≥25.0), family history of cancer (yes or no), smoking status (never smoked, or ever smoked), alcohol drinking (never drank alcohol, or ever drank alcohol), education (high school or less, or college/university or higher), time spent walking (<1 hour/day, or ≥1 hour/day), age at menarche (<16years or ≥16 years), number of births (<3 births or ≥3 births), history of oral contraceptive use (yes or no).
Discussion
The age of women at the time of first birth has been increasing in the developed countries, and its health impact upon parous women has been examined worldwide. The present study demonstrated an inverse association between age at first birth and the risk of endometrial cancer incidence. Stratified analysis indicated that this inverse association was valid, irrespective of whether the subjects were younger or older, whether or not they were overweight, whether they were younger or older age at menarche, whether they had 1-2 births or more, and whether they were younger or older at menopause. In addition, we also found that women who were old at first birth had a significantly decreased risk of endometrial incidence, even after exclusion of incident cases that occurred within the first 3 years of follow-up.
Furthermore, we thought that incomplete pregnancies may have influenced the association between age at first birth and endometrial cancer incidence. To assess whether the findings are consistent when women with no live births are included as the referent group, we have recalculated the association between age at first birth and the risk of endometrial cancer including the 44 women who had no live births. As a result, our findings were the same even when we included or excluded women with no live birth in the multivariate analysis (data not shown).
Therefore, our findings do not support the hypothesis that the recent increase in endometrial cancer incidence can be partly explained by the increasing in the age at first birth.
Eight prospective cohort studies have already examined the association between age at first birth and the risk of endometrial cancer [12] [13] [14] [15] [16] [17] [18] [19] . One study concluding that a higher age at first birth was associated with an increased the risk of endometrial cancer adjusted for only parity in the analysis [12] . Although three prospective studies have reported an inverse association between age at first birth and the risk of endometrial cancer, adjustment for potential confounding factors was insufficient [13] [14] [15] . For example, in the Shanghai Textile Industry Bureau (STIB) examination, women with a higher age at first birth had a decreased risk of endometrial cancer incidence (p-trend=0.03) [13] . The remaining four studies found no association between age at first birth and the risk of endometrial cancer, but all were conducted in USA and Europe, where oral contraceptives and hormone replacement therapy are used more frequently than in Japan [16] [17] [18] [19] . In these areas, not only endogenous but also exogenous hormonal factors would affect the risk of endometrial cancer, thus leading to underestimation of the effect of endogenous hormonal factors. In order to examine the effect of endogenous hormonal factors accurately, it would be appropriate to study a population with low use of oral contraceptives or hormone replacement therapy, as is the case in Japan. Here, we found that an older age at the time of first birth was inversely associated with the risk of endometrial cancer incidence, the association being independent of the number of births and age at menopause. Our result is consistent with three epidemiologic studies that found an inverse association between age at first birth and the risk of endometrial cancer [13] [14] [15] .
The risk of endometrial cancer is related to stimulation to the endometrium by estrogen, as explained by the "unopposed estrogen hypothesis" [8] [9] [10] . Thus, endometrial cancer risk is increased in women who have high plasma estrogen that is unopposed by progesterone [8] [9] [10] . During pregnancy when progesterone production is high, it reduces the length of time that endometrium is exposed estrogen. Additionally, women who were older at first birth might be have good hormonal cycle and they were less likely to be infertility and polycystic ovary syndrome that have been reported to be risk factors for endometrial cancer.
One study from Sweden has reported that women who were older at first birth had an increased risk of endometrial cancer [12] . By contrast, three studies from China, Sweden, and the USA have reported that women who were old at first birth had a significantly decreased risk of endometrial incidence [13] [14] [15] . Our result is consistent with the latter three studies.
The reasons for the discrepancy between our finding and the Sweden cohort study might have been an "immortal time bias". In the Sweden cohort study, the follow-up period was from the date of first birth to the end of follow-up, whereas the follow-up period in the present study was from the age at inclusion in the cohort to the end of follow-up. The subjects were healthy women who had no events, and there would have been a possible "immortal time bias" for older women who had been included in the cohort at the baseline. However, when we stratified our analyses according to age at the baseline (<50 years or ≥50 years), the result did not change (Table 3 ). This suggests that any "immortal time bias" would have been less likely to affect the association between age at first birth and the risk of endometrial cancer.
Additionally, the result of our study raises the possibility that women who are older at the time of first birth would likely to be older at the time of their final birth, thus possibly decreasing the risk of endometrial cancer. In the Nurses' health study, inverse association was found, and this was diminished after adjustment for the age at the time of final birth [14] . Similarly, a study from Sweden found that women in whom more than 10 years had elapsed between their first and last births had a decreased risk of endometrial cancer [15] . In the present study, however, we did not clarify whether age at first birth or at the last birth had a stronger impact on the incidence of endometrial cancer, because we did not ask women to state their age at the time of their last birth.
The major strengths of our study included its prospective design, and adjustment for many potential confounding factors. Second, the response rate was high (94.1%) and the selection bias was small. Third, the internal validity of this study was extremely high, because the age-standardized endometrial incidence rate in the study area was almost the same as that for the Japanese population as a whole [11] . Furthermore, our results would not have been significantly influenced by exogenous hormone use and smoking.
This study also had some limitations. First, the statistical power was low, because the number of cause of endometrial cancer was low. However, the association between age at first birth and the risk of endometrial cancer remained essentially unchanged when we conducted separate analyses for obesity and reproductive factors. Second, we collected information on age at first birth was ascertained using a self-reported questionnaire at baseline. Therefore, some misclassification would have been inevitable, and the reported hazard ratios would have been closer to a null value than a true relationship. Third, we had no data on the age at last birth, and thus could not examine this factor in relation to the risk of endometrial cancer [7, [8] [9] [10] [23] [24] [25] . Moreover, we did not collect information about the menstrual cycle. However, this would have had little influence on our results, because our findings were the same when we conducted separate analyses for reproductive factors such as age at menarche, the number of births, and age at menopause. Forth, several risk factors that affect the risk of endometrial cancer may have been modified during follow-up. However, we thought that there were no differences among the groups.
In conclusion, this pooled analysis of two prospective studies conducted among Japanese women does not support the hypothesis that the recent increase in the incidence of endometrial cancer can be partly explained by the increase in the age at first birth. Although age at first birth is undoubtedly increasing among women who live in developed countries, we suggest that this is un-likely to contribute to the increase in endometrial cancer risk. 
